Abstract The recent unprecedented growth of information in digital form advocates the need for better ways to interact with this vast amount of richly-conveyed information. This paper reviews and analyses the design considerations of an advanced information environment for users to interact in novel manners with online documents such as electronic journals. The interaction environment is also intended to support value-adding of electronic documents. The design is inspired by analyses of user requirements in interacting with information, by advances in the electronic information world, and by innovations in humancomputer interaction. These led to the derivation and proposal of a set of properties in both the interaction environment and the information objects within the environment. The environment is a visually-rich, interactive information environment based on user-controlled malleability and integration with various interaction tools. The information objects within
Introduction
Information in digital form is fast replacing its traditionally printed counterparts as the result of increased computing power, information processing tools and networked connectivity. Full text journals, electronic newspapers, encyclopaedias and other reference sources are becoming commonplace. Research has increased to examine and exploit the potential of using advanced technologies to provide enhanced information. Examples of such activity include the web journal projects 1,2 as part of the e-Lib Programme 3 and work by Williams and Nicholas in the provision of value-added news information 4 . Digital information is more abstract, dynamic and malleable in comparison to its printed form. Hence, an understanding of how to enhance its value and its interaction becomes an important prerequisite for the new electronic information age that is rapidly dawning upon us. The user interface of future electronic documents (e-documents) should be thought of as a complete workspace in which a variety of information processing or manipulation tools are available for users to flexibly interact with richly-conveyed information. Researchers are exploring various approaches and the utility of various tools to improve and enhance interfaces to edocuments. The research of which this paper is a preliminary report joins this effort. This paper examines how the electronic information environment is likely to change in order to enhance the user-information interaction and to support the value-adding of e-documents. This requires the understanding of the various issues involved in such interaction and an exploration of the design space of the user interface. Through a review and analysis of related work, a set of basic desired properties for both the interaction environments and the information objects within the environments is derived.
Related work
Understanding the electronic information environment requires an understanding of the information system, the user needs and the technologies that are available to support the user interaction with information. Hence, issues in the design of interactions with valueadded e-documents arise from three main sources: q increasing knowledge of how users interact with (seek and use) information, and the tasks they perform to achieve their goals; q the ongoing development of the information world, leading to a new paradigm of electronic information; and q advances in user interface technologies that have provided the basis for much more elaborate interactions with the underlying information world. As such, the review and analysis of related work is presented along these three inter-related areas.
User information interaction and needs analyses
Adopting a user-centred approach to information system design requires a thorough understanding of user needs and their real interactions with information. Attention to users of digital information systems and their needs from a communications perspective have been well presented as various models in literature. For the purpose of this research, a subset of these proposed models that holds more direct implications on the design of interactive interfaces for end-users is presented and reviewed. Alongside the review, the significance of these findings on the design of the information environments for future edocuments is identified.
Belkin and colleagues 5 propose that information systems need to capture users' Anomalous State of Knowledge (ASK). When users (information seekers) approach an information system to resolve an anomaly in their state of knowledge, they are not aware of exactly what the anomaly is and the type of information needed to resolve that anomaly. Hence, users are unable to specify precisely what they need at all times. By observing information seeking in a variety of settings, a set of information seeking strategies that include the goal of interaction (learn/select), method of interaction (scan/search), mode of retrieval (recognize/specify) and type of resource (information/meta-information) is proposed 6, 7 . Accordingly, users must go through a process of clarification to articulate a search request, with the obvious implication that electronic systems should support iterative and interactive dialogues with users. The system must therefore allow users to scan, recognize, learn and select, amongst others.
Bates 8 proposes a berrypicking model to illustrate the evolving search process in using online and other information systems. Users engage themselves in an active and iterative process with the information systems using the traditional search-retrieval paradigm as well as the exploratory paradigm to locate and retrieve the relevant information. Thus, users might consult a variety of sources and pick relevant items one at a time during the searchretrieval process. Bates focuses on and describes the browsing concept and subsequently develops six strategies associated with this concept; namely, footnote chasing ('backward chaining'), citation searching ('forward chaining'), area scanning, subject searching in bibliographies and A&I (abstracting and indexing) services, and author searching. Every new piece of information the searchers encounter has the potential to provide them with new ideas and directions to follow. This berrypicking model depicts the need for interfaces to support these strategic, opportunistic interactions with information.
Another researcher, Ingwersen 9 proposes a polyrepresentation approach in information retrieval where user's cognitive space not only represents user's current (often topical) information need, but also more importantly, the underlying problem space, actual work task or interest, and the dominant work domains. This approach implies that different methods of representation and a variety of search and retrieval techniques of different functional origin should be available simultaneously to each semantic entity in an electronic system. However, user interactive process, such as that of feedback, are only implied processes within this model. The challenge for a more interactive model is to elaborate and incorporate feedback and user judgments related to, for instance, query reformulation, visualisation and navigation.
Cool and fellow researchers 10 discuss one particular type of interaction with text -that with the goal of evaluating usefulness. This involves looking first at characteristics of the text such as author or title, to determine the topical relevance of a specific document. Meanwhile, Belkin 11 examines another type of interaction -that with the goal of discovery, whereby users scan the whole texts widely or part of the text to determine its relevance. These two studies indicate two different requirements on text representation and structuring in support of effective interaction with information. The formal study shows that characteristics of secondary texts will need to be represented and related to one another, and other attributes of texts, in forms that can be used in ways other than for bibliographic specification, or as retrieval leads. The latter study indicates that facilities for dynamic, userdefined and large scale patterns in texts are required, and patterns should be capable of being related to other sections of the texts through dynamically established clusters or links.
Pirolli and Card's 12 information foraging model attempts to explain how various system design criteria could affect the balance between the value of information gained and the user's cost of performing various activities under the different designs. Pirolli 13 later presents a more elaborate description of the technique and its application to exploring the design space for a browser for very large text repositories. This approach permits the exploration of 'what-if' design scenarios and the exploration of changes in ideal user strategies across system and task conditions. Saracevic 14 recommends a stratified model of interactive information retrieval. The actors in the model comprise of the users, computers and intermediaries. Interactions between the actors are believed to be sequences of processes advancing at different interconnected levels or strata. At the surface level, dialogues between users and systems are captured, where users express their needs with the computer and the computer responds with results. At the cognitive level, users interpret information provided by the system. At the situational level, the context or situation in which users approach the system motivates the interaction. The different strata are closely interrelated and are extremely dynamic with each move by the user or system influencing other moves or shifts within interactions, such as information problem, strategies, feedback or uncertainty. This leads to major implications for interface design whereby a user's relevance judgments and search episodes (i.e. interactions with systems) must be visually analysed and presented to the user in a visible manner.
Apart from these generic models, a subset of relevant studies that concentrates on end-users of electronic systems exists. Dillon 15 acknowledges the differences between using a printed document and its electronic counterpart. He concludes that future e-documents will need to have more powerful navigation and manipulation facilities to support the task users need to perform, to effectively use these e-documents. Studies of end-users are sometimes part of an overall development effort for a specific electronic system 16, 17, 18 . Generalized results from these studies essentially elucidate the high acceptance of interactive browsing and navigation by typical end-users as the main strategy employed in using e-documents. Among the features identified as important support that a system must provide are: q to help in the user question-negotiating process; q allowing the user to pursue multiple approaches of inquiry by entering fragments of the question; q allowing the user to explore multiple navigation options; and q to capture partial results -modelling the user's current interest and perhaps, suggesting the next navigation choices according to the nearness of this interest. The way information is presented to the user is also a crucial issue. To deal with the common information overload and screen cluttering problem, Kreitzberg 19 proposes a 'just enough up front, details on demand' paradigm in designing e-documents. He suggests providing just enough information initially to ensure comprehension and presentation of information in a logical se-quence so that the information which has come before provides context for that which follows, and imparting details to users on demand. Kreitzberg's paradigm stresses the importance for information units to maintain conceptual integrity and comprehensive coverage, by treating each unit as an initial presentation, which links to pre-requisite concepts required for understanding, and avoids cluttering the presentation with unnecessary details.
The Open Journal Project
20
, which is concerned with user interaction with electronic journals (e-journals), has received a number of interesting reviews from its access demonstration of citation linking in the Open Journal of Cognitive Science in April and May 1998. Users generally favour the link structure and demand for more links to trace ideas and in serendipity searches. They also call for better orientation and additional navigation aids to keep track of where they are in the clusters of links. Dillon, Richardson and McKnight 21 note that users generally first select and scan sections of a journal article before judging the relevance and probable quality of the document. While scanning through the article, users often prefer to maintain an overview of the whole article while exploring the different sections (for example, introduction, section headings, diagrams/tables and conclusion) before deciding to read on, or to reject the article. The implication for the design of e-journals is that the system must support this exploration while providing an overview, and offer features to help users to decide the relevance of the article, or to perform other tasks. Such features can include, for instance, display explicitly a list of other papers citing the current article, word or phrase dependencies and occurrences within the article, and display a list of other works published by the article's author(s). All these features add value to the information while maintaining an overview of the context. As researchers begin to move towards collaborative work, support of annotations both for personal and shared use may also be desirable. If users of e-journals are to find required and desired information more quickly and better-placed in context, future ejournals will have to strive for completeness of information presentation and be supported by advanced technologies in the organisation and presentation of the information.
In addition to the major user-information interaction models and understanding the user needs and requirements, it is also necessary to examine the user interface requirements. Between the analytical and browsing strategies of searching, this research emphasizes the more heuristic browsing strategy, particularly, in improving the user interaction with information units within e-documents. Hence, tasks such as hierarchical traversal, clusterbased traversal, dynamic links traversal, panning and zooming for context and details, and accessing a variety of information sources in a seamless manner becomes more significant in this context. Shneiderman 22 proposes a framework of seven tasks that form the basic interface features that the next generation of information systems interface should support. We trust the framework to encompass the major functionality required to support effective user-information interaction in this research. These seven tasks are: overview, zooming, filtering, details-on-demand, relate, history and extract.
An overview provides a good starting point for the user to 'scan and select' and to provide the overall information context. Smooth zooming helps users to maintain their sense of position (context) while exploring the various links or sections within an edocument. Filtering is used to weed out uninteresting or unnecessary details in a document or collection to help users focus on relevant details. Details-on-demand provides the option to allow the user to take a closer look at details (e.g. full-text that stands behind any representation or attached files) of one or more objects in the field of view. Relate makes explicit relationships between objects in a display. It may also refer to representing relationships between data in multiple associated windows. A history is useful to maintain a list of previous actions in order to support place-keeping, undo and for progressive refinement. Finally, extract permits users to extract an item or a set of items of interest from the information context for further exploration.
Developments in the electronic information world
A second area of consideration is the advancement of the electronic information world, where the view of the possibilities for new dynamic information entities and more advanced interactions with electronic information has been expanded. Information has become ever more digital, enabling, for instance, more uniform interactions where all format can be stored and sent equivalently. This has also made it possible for various parties (e.g. author, publisher/information broker, other third parties) to package metadata along with primary content. The importance of metadata is growing in various niches and applications can utilise metadata to integrate with one another, to exhibit the relationships with one another, and also to manifest the larger context in which they are being used. It is possible, indeed, to apply more than one action to an information object, something that currently lies outside the standard World Wide Web paradigm.
Information structure is also becoming valuably rich -information is making accessible its structure as, for instance, text and metadata formats move to SGML 23 . Newer SGML-based metadata formats (e.g. TEI Headers) can be distinguished from the simple structured generic formats (e.g. Dublin Core) by fullness (delving into more details), structure (contain richer structuring schemes) and by specialism (they may be more specific to the relevant domain). They can be used for location and discovery, and in documenting information objects and/or collections of objects. They allow for some level of evaluation and analysis of content, and navigation around aggregations of objects. They are also expressive enough to capture various relationships at different levels of aggregation. However, to make information more apparent to more general resource discovery tools, export of data in some simpler formats such as the Dublin Core 23 may be needed. The transition from the physical delivery of printed documents to electronic documents in the form of bits and bytes over the network has made the granularity of information packaging variable. This consequently results in the need to interact with information at many different scales. The requirement to deal with a massive electronic world and the emergence of distinct structure has led to fractional, modular 24 , layers 25, 26 of information organisation. Indeed, in the electronic environment, from super-digital library collections down to individual documents, down to pages, paragraphs and diagrams, even to the level of words, can now be teased apart and be manipulated to get more value out of the different levels of information objects. As we move from an environment where information is transformed from linear to multidimensional form, information objects no longer need to fit into any physical unit but comprising logical components of information, probably built-up of units each of which could stand independently on their own. In such a case, each of these information objects will need to have sufficient descriptive information to enable it to be used in various contexts. SGML is an example that provides flexible structuring capabilities to describe these objects.
These considerations of new forms of information presentation and structuring have important implications for the design of a new interface and interaction environment with edocuments. Interfaces are starting to move beyond mimicking mechanisms of earlier media and traditional interface metaphor to more thoroughly exploit computationallybased mechanisms, such as that proposed by Mohnkern 27 , to deal with information that is much more dynamic and reactive to user needs and preferences.
Developments in UI technology
Just as the electronic information world has advanced, so has the technologies that form the basis for information worlds. Advances in user interface technology have recently been reviewed by Myers 28 and Shackel
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. The past 15 years of advances have started to provide the foundation for much more elaborate interactions with the underlying information world -with collections of documents and with individual documents through graphical or visual interfaces. Visual displays of information are fast gaining acceptance and recognition 30 . This is because visual displays are more easily un-derstood, providing an operating environment where an explicit visual and functional context for the computer user's actions is formed 31 . It is also important to understand at the onset that the user interface is not only a screen design, but a method of interacting with the application and its data. Interaction techniques are hence, an integrated part of visualisation. User interfaces to e-documents which offer greater sophistication and technological mastery in manipulating diverse forms of information will be in great demand. Young generations of computer users are becoming 'digital sorcerers' 32 -handling new computer games, software applications and personal digital assistants with ease. Apart from the combined efforts of researchers and user-oriented designers, this phenomenon is also likely to be attributed to the intimacy derived from simply living with advanced technology. It is almost assured that future generations of e-document users, with their grasp of digital manipulation, will demand new forms of interaction and redefine current notions of creative expression.
Two of the more recent and more relevant developments in the user interface technology, that will form the basis for more powerful interaction with future e-documents, are the construction of direct manipulation (DM) interfaces in the 1980s, and especially, the ensuing emergence of information visualisation (IV) techniques in the 1990s. DM makes interaction with electronic information more intuitive. Its applications respond interactively to the user's input actions. Compared to traditional information access tools that are limited in their ability to display results, and often require users to remember obscure command vocabularies and complicated syntax, DM allows users to visualise and directly manipulate objects on computer screens. Recent works in the 1990s have carried the user's desire for manipulating real objects still further. Current works on the FilmFinder 33 and the HomeFinder 34 for example, have shown that users are able to locate information faster than with natural language queries. User comprehension and satisfaction have also proven to be higher for these interfaces.
The success of DM interfaces is a testament to the power of using computers in a more visual, or graphical manner 22 . Existing IV systems that allows users to zoom, filter and examine details-on-demand are built on a similar principle. Users not only desire to find information quickly in the electronic environment, they also want comprehensible and commandable interfaces to e-documents that will provide them with a feeling of accomplishment and empowerment. Users require a system where the focus is on DM of objects presented, using a virtual reality type of paradigm to promote real-time feedback, and be given intuitive control over where and how the exploration is occurring. Such a system should also not try to display all the potentially very large and dense, multidimensional data at once. Users must instead, be allowed to interactively select fragments of interest and explore selected information. IV is required to complement and enhance current e-document interfaces. These techniques will enable users to conduct their searching and browsing tasks more efficiently and creatively.
There are parallels between IV and scientific visualisation, in terms of purpose and method -the purpose being that of extracting prominent dimensions from multidimensional data, and the method being that of using advanced graphical and animation techniques to present data. Spence 35 points out that visualisation is something a human engages in and that its potential value lies in gaining insights and understanding. He describes the function of IV as the presentation and representation, and rearrangement and dynamic exploration of information, whereby humans interact with information to gain dimensionality and perception in order to comprehend.
In the application of IV, consideration needs to be given to the fact that the interesting information is mostly abstract (e.g. information structures and relationships) so that intuitive comprehensible visual metaphors have to be developed. Also, in contrast to scientific visualisation, where applications are focused on trained scientists and engineers, interfaces created to manipulate e-documents may be widely employed amongst a diverse and potentially non-technical population that varies in terms of their levels of education, background, experiences, capabilities, information needs, and the tasks they need to perform. Hence, one of the main goals of the application of IV should be to enable these disparate user groups to use visual presentations that will be tailored to their specific needs. The tools and the interface must also be intuitively easy for each of these groups to handle.
In e-documents such as e-journals that are laden with data and information, appropriate utilisation of IV has the potential to assist users in identifying, exploring, discovering and developing understanding of possible complex situations in interacting with e-documents. IV also supports the value-adding of e-documents. Value-adding comes from the ability to enable manipulation and analysis of both the presentation and attributes of data to produce possibly new information that might not otherwise be obvious or even discernible.
From this analysis of the existing IV techniques and an earlier expansion 36 For an overview -to obtain a sense of overall composition and layout of the information space.
To help locate information (e.g. within a networked collection). The visualisation can take the form of a virtual space that contains the information collections.
For an overview. To view the large structure of the user's information workspace in a complete, coordinated manner.
Used for zooming, filtering and details-on-demand. The concept of lens, filters and other tools that provide users with the ability to examine a particular part of the information world in multiple ways and to help detect trends and patterns.
Used for making relationships explicit between objects, history tracking and extracting an item (and sets of items).
Infosphereinformation outside user's work environment (e.g., information on WWW or in a digital library) Information Workspaceinformation the user is interacting with as part of an activity.
Visual knowledge tools -a set of information objects.
Visual objectsone or more data sets integrated together for convenience of search and navigation.
works done on IV classifications 37, 38 , we propose that IV techniques be taxonomized into four main categories as shown in Table 1 . This taxonomy takes into consideration the level of application 39 and the seven tasks framework proposed by Shneiderman 22 . In the Table, the main categories that include the InfoSphere visualiser, information structure visualiser, visual information probes and enhanced-information objects visualiser are accompanied by descriptions of the level of application and content, main tasks and examples of existing IV techniques.
Summary of related work
From the review of related work, some pertinent observations become obvious. An innovative information workspace with new interaction approaches is desired for users to interact with electronic data in novel, multiple complementary ways. This becomes ever more important as our lives are increasingly being conducted on a base of information technology suffused with computationally cross-accessible information. Users must not be seen to be passive recipients, but instead, active composers and manipulators of information. Users must be also allowed to re-organise the information where necessary to create new information that meets their needs. Through the application of these novel tools, value-adding to e-documents may also be achieved.
From the examination of the existing IV techniques, it is apparent that no single IV technique is sufficient for the kind of interaction and exploration desired in the information environment. A suite of integrated methods will render a better environment, with various techniques being used in different contexts. Just as information seekers apply various searching and browsing strategies according to their tasks, different mechanisms will be appropriate for different situations.
Design desideratum for the information environment
Based on the preceding reviews and analyses, a set of desired properties to permit enhanced interaction and value-adding to e-documents is identified and proposed.
These are divided into interaction environment properties and information object properties.
Interaction environment properties
Interaction environment properties are those properties that are closely associated with the user interaction with the information environment. The e-document environment should therefore be endowed with the following desirable properties.
1. Integration of workspace -the information environment should integrate both the user's personal workspace and the broader information world to allow a tighter connection between the user's own larger task that is normally centred in the private workspace, and their informationseeking sub-tasks that are often focused in the broader information world. This kind of integration facilitates the launch of queries based on current work and, therefore, enables a uniform paradigm for accessing both one's own workspace and the information world at large. Integration also simplifies the task of consolidating intermediate and final information seeking results into one's initial task.
2. User-controlled malleability -the environment must support DM to enable users natural, interactive access to the various information objects and tools. Users should, for instance, be given the ability to re-arrange or zoom in for more details on selected objects when required and desired. Users can explore, navigate and perform queries almost simultaneously in such an environment. All the IV techniques we have examined allow users to perform such direct manipulation on objects.
3. Visual sovereignty -the electronic environment should also provide the user with visual representation to the various conceptual items of the user's information-seeking task (e.g. a collection of information objects related to the task, or the user's search and browse history records). This is so that the user can be made aware of these details and their status, and be able to act upon them according to their needs. Providing such a 'total view' while searching gives the user the satisfaction of being able to perceive the existence of related objects.
4.
Multiple representation/views -multiple representation of information objects and their organisation should also be a part of the environment, so as to support a variety of task and information-seeking perspectives. The information seeker should be able to manipulate various aspects of the representation and view them directly, and they should also be able to make a choice of the view of interest to them, according to their needs.
5.
Integration with appropriate tools -the environment should also provide tools for basic common tasks users perform in information-seeking and exploration, which include querying for information, the more heuristic navigation through information space, organizing and authoring information. Querying, for instance, requires an interface that will allow users to specify the query. Browsing or navigation requires information to be organized and corresponding visual clues about where items are; users should be allowed to weave through the information world to locate what is available, and to seek specific targets by, for instance, pan and zoom mechanisms. The environment should enable intuitive and easy means for users to move back and forth between the more informal cursory process and the more detailed, focused efforts in information-seeking.
Information object properties
Correspondingly, the information objects in the environment should also be endowed with a number of characteristics to support a variety of information-seeking and gathering tasks. These properties should hold for all the information objects in the interface, including objects deposited in remote collections (i.e. those in the wider infosphere) and objects (e.g. annotations) created by users themselves.
1. Structured -information objects should have structures both internal and external to themselves. They, for instance, can enclose, or be contained in sets, collections or ordered lists, trees, tables, natural language sentence structures, sections or chapters. Thus, these objects should make visually explicit their internal structures to help users in the information searching process. They should also state explicitly where they fit into various larger structures.
2. Fractional -objects should allow manipulation and interaction at all granularities in a coherent manner. Users for instance, should be able to view, navigate, search and manipulate explicitly at the level of collections, sub-collections, documents, sections, paragraphs, sentences or words. It is interesting to note that in an electronic environment, seeking within a document now often includes across-document seeking as well. The distinction between one single document and a collection of documents has been blurred. This fractional aspect of structure not only reflects the new perception of the reality of the new information sphere, but also of information seekers' activities. Analyses have shown how users often engage in moving down levels of granularity as they home in on target clusters of information, or up as they backtrack to seek elsewhere.
3. Queriable and navigable -all objects in the infosphere at any granularity should also be queriable and navigable. First, there is the 'every item is a collection' effect, whereby a query can be directed at any object at any granularity. Users can, for instance, specify a search to a document-object, paragraph-object, table-object or word-object. Taking into consideration the internal and external structure discussed earlier, all objects then must provide the equivalent of an index of their internal contents. The objects also must impart index-relevant information to the external objects that contain them. Additionally, 'any item can be a query', whereby not only words, but phrases, paragraphs or the whole document can be used as queries against other objects in the environment. Users should also be able to browse and navigate their way towards items of interest. To support this, objects must have visible structure and come with ways to choose between, or move around, within their various subfraction. 4. Explicable -as in general, informationseeking and knowledge work is a temporarily prolonged process, with information seekers often moving back to previous work done and building on it, all objects should ideally come with representations of their history -where they originate from and what operations have been performed on them. The historical sequence of the objects generated should be presented in a visualizable, malleable history mechanism. 5. Contextualized -information objects should make various aspects of their context such as relationships between various contents (both established by system and the user) available to the user, to enable better understanding of both the objects and the environment. This is important to support the context-driven evolution of a user's interests. 6. Affiliation with metadata and additional layers of information -evaluation, reviews, commentaries and criticisms are all value-adding properties that provide information seekers with additional information for decision-making. Annotations on all objects at any granularity, both for personal and shared use, should also be supported. This will become even more important when people no longer work in isolation, and where technology is used for collaborative work. Annotations are also value-adding properties. It is evident that all the information objects should also be associated with a large prescription of metadata to implement many of the discussed properties. Metadata can also be used to add value to objects. Examples of meta-level value-adding include: q information customisation (e.g. non-prescriptive, non-linear document traversal, variable links and integration of sources); q searching, indexing and database technologies (e.g. provide dynamic, real-time analysis for document clusters, with innovative mining and clustering topologies for display of results). In a commercial sense, some of the value-added elements maybe packaged (tailored) and distributed (and possibly charged for) separately (i.e. as add-ons or as part of a customized document) to various customers with disparate needs.
Conclusion
This paper identifies and proposes a set of interaction environment and information object properties to support the enhanced interaction and value-adding of e-documents, such as e-journals. These are inspired by background reviews and analyses of user-information interaction requirements, of the evolving forms of information structuring and presentation in the electronic information world, and of novel interactive user interface technologies. The research advocates that these properties form the foundation features for a range of new interfaces that are designed to provide an enhanced level of user-information interaction and to support e-document value-adding. Such a prototype interface is currently under design and study at the Division of Information Studies, Nanyang Technological University, Singapore. The interface operates in a visually-rich interactive environment based on the derived set of properties and the ensuing interaction paradigm smoothly merges visualisation, querying and navigation of information. It forms part of a concerted effort in the research and development of a Digital Library for Creative Learning and Research (DLCLR) 40 environment in the School of Applied Science.
A follow-up paper detailing the interaction environment together with a presentation and discussion of a set of different scenarios of how such an environment is likely to be used for interacting with e-journals is currently under preparation. These scenarios are used as a 'proof of concept' to illustrate the ability of the interface to provide enhanced user in-teraction and value-adding. It is also aimed at demonstrating how digital information and user interaction is likely to be perceived and used in the future. At the same time, the scenarios form the basis for the design of the usability experiments that accompanies the interface design process that will be carried out in the next phase of this research.
